A study was conducted to assess the genetic diversity among Simmental Cross cattle in West Sumatra using microsatellite DNA markers. A total of 176 individual cattle blood samples was used for obtaining DNA samples. Twelve primers of microsatellite loci as recommended by FAO were used to identify the genetic diversity of the Simmental Cross cattle population. Multiplex DNA fragment analysis method was used for allele identification. All the microsatellite loci in this study were highly polymorphic and all of the identified alleles were able to classify the cattle population into several groups based on their genetic distance. The heterozygosity values of microsatellite loci in this study ranged from 0.556 to 0.782. The polymorphism information content (PIC) value of the 12 observed loci is high (PIC>0.5). The highest PIC value in the Simmental cattle population was 0.893 (locus TGLA53), while the lowest value was 0.529 (locus BM1818). Based on the genetic distance value, the subpopulation of the Simmental Cross-Agam and the Simmental Cross-Limapuluh Kota was exceptionally close to the Simmental Purebred thus indicating that a grading-up process has taken place with the Simmental Purebred. In view of the advantages possessed by the Simmental Cross cattle and the evaluation of the genetic diversity results, a number of subpopulations in this study can be considered as the initial (base) population for the Simmental Cross cattle breeding programs in West Sumatra, Indonesia. (
INTRODUCTION
The Simmental Cross cattle in West Sumatra mostly originate from the crossing program between the Ongole Grade (in Indonesia known as Peranakan Ongole [PO] ) and the Simmental Purebred sires. The superior properties of the Simmental Cross cattle are its good level of adaptability to tropical climates and strong ability to grow. As a result, the farmers in West Sumatra prefer using the Simmental Purebred semen (Siregar et al., 1999) for their cows when applying artificial insemination (AI) technology from Lembang Artificial Insemination Center (BIB Lembang) or Tuah Sakato Artificial Insemination Center (BIBD Tuah Sakato). In West Sumatra, artificial insemination has intensively used the Simmental Purebred semen for years resulting in an increased Simmental Cross cattle population in West Sumatra and has generated cattle populations with improved morphological profiles compared to the local cattle (Agung et al., 2014) . This phenomenon inspired the farmers and the local Government to design a breeding program for the Simmental Cross cattle in West Sumatra.
The success of the breeding program can be affected by several factors, including determining the number of the initial (base) population in order to produce offspring consistent with the objectives of the breeding program. Recently, local farmers and the local Government of West Sumatra have been facing difficulties in determining the initial (base) population for the breeding program of the Simmental Cross cattle. This problem can be caused by several factors including insufficiency of genetic information about the present status of the Simmental Cross cattle, the lack of studies about genetic diversity in Simmental Cross cattle, and also the distribution of the Simmental Cross cattle in a large area of West Sumatra, Indonesia.
Microsatellites are almost ideal genetic markers because they are abundant, codominant, highly polymorphic, and are spread out across the entire euchromatic part of the genome (Bennett, 2000) . Microsatellites can be used for estimating the genetic distance (Rehman and Khan, 2009) , the relationship among livestock breeds (Maretto et al., 2012) , and also the genetic diversity (Mao et al., 2008) . This study was conducted to study the genetic diversity in the Simmental Cross cattle in West Sumatra using microsatellite markers as scientific evidence for the latest status of the Simmental Cross cattle in West Sumatra and also grouping the Simmental Cross cattle population in West Sumatra that can be used as the initial (base) population for breeding programs.
MATERIALS AND METHODS

Blood sampling and DNA collection
Blood samples were collected from herds owned privately and by artificial insemination centers. Genomic DNA was extracted using DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany). A total of 176 DNA samples were collected and classified into three categories, i.e. Simmental Purebred, Simmental Cross, and Ongole Grade (PO) cattle (Table 2 ). Blood samples of Simmental Cross cattle were obtained from West Sumatera provinces and Karya Anugerah Rumpin (KAR) Farm in West Java, Indonesia. Blood samples of Simmental Purebred cattle were obtained from two locations, i.e. Lembang Artificial Insemination Center (BIB Lembang) in West Java and Tuah Sakato Artificial Insemination Center (BIBD Tuah Sakato) in West Sumatra, whereas the blood samples from Ongole Grade (PO) cattle were obtained from the Research Center for Biotechnology (RC Biotech.) Farm in West Java.
The sampling of the Simmental Cross cattle blood in West Sumatra in this study was divided into three areas based on the size of the Simmental cattle population i.e. high population (Limapuluh Kota), medium population (Agam, Padang, Payakumbuh, Solok, Sawahlunto, and Tanah Datar), and low population (Pariaman). The samples from Pariaman (an area with very low population of Simmental cattle) was included in the analysis as a comparison study and also to see the status of Simmental Cross cattle particularly in areas with very low population of Simmental cattle. Information about the Simmental cattle population in West Sumatra province was obtained from the Indonesian cattle population survey (Statistics Indonesia, 2011) . Geographical distribution of the cattle sampled in West Sumatra is shown in Figure 1 .
Primers and DNA amplification
A total of 12 microsatellite labelled primers, which was recommended by FAO, were used in the polymerase chain reaction (PCR) process (primers sequence, annealing temperature, range of PCR product size, and label used are shown in Table 1 ). The PCR reagent composition is as follows: KAPA2G Robust HotStart ReadyMix PCR Kit (Kapa Biosystems, Cape Town, South Africa) (18 μL), forward and reverse labelled primers (200 ng/μL), nuclease free water, and DNA samples (5-30 ng/μL). The program in the PCR machine (Eppendorf, Hamburg, Germany) was set as follows: 94°C; 5 min (1 cycle), 35 cycles consisting of three stages: i) 94°C; 30 s, ii) 51°C to 59°C; 30 s (depends on primers), and iii) 72°C; 30 s, followed by 1 cycle at 72°C; 5 min. The PCR products were then visualized by electrophoresis using 2% agarose gel and followed by ethidium bromide staining. Multiplex DNA fragment analysis was afterwards used for allele identification. The multiplex DNA fragment analysis was conducted in 1st BASE Laboratory, Malaysia.
Data analysis
Result of the multiplex DNA fragment analysis was processed using CONVERT ver. 1.3.1 (Glaubitz, 2004) , CERVUS ver. 3.0.7 (Kalinowski et al., 2007) , MEGA ver. 6.0 (Tamura et al., 2013) , and POPGENE ver. 1:32 (Yeh and Boyle, 1997) programs. The CONVERT program was used for conversion of the length of alleles which were observed for each individual sample to assure suitability for further analysis by POPGENE and CERVUS program. Data of the heterozygosity, the genetic distance, and the polymorphism information content (PIC) value were obtained from POPGENE ver. 1:32 and CERVUS ver. 3.0.7 analysis result. The genetic distance value was used to make a dendrogram that illustrates the relationship among cattle populations using MEGA ver. 6.0.
Bayesian clustering assignments were analysed by STRUCTURE ver. 2.2 (Pritchard et al., 2000) . Ten independent runs were performed for each K between 2 and 10, with a burn-in period of 10,000 iterations followed by 100,000 iterations of the Markov Chain Monte Carlo algorithm. The STRUCTURE HARVESTER (Earl and vonHoldt, 2012) , which implements the Evanno method (Evanno et al., 2005) was used to identify the optimal groups (K). The principal component analysis (PCA) and the discriminant analysis of principal components (DAPC) were carried out on the microsatellite genotypes to determine breed relationships. PCA and DAPC were performed using adegenet package (Jombart, 2008) 
RESULTS AND DISCUSSION
Microsatellite polymorphism
Twelve microsatellite loci from the entire population were analysed and 317 alleles consisting of 83 alleles were detected in the Simmental Purebred, 143 alleles in the Simmental Cross, and 91 alleles in the Ongole Grade (PO). The 12 microsatellite loci revealed high polymorphism to evaluate the genetic diversity especially in the Simmental Cross population. The observed heterozygosity value ranged from 0.556±0.071 (KAR Farm) to 0.782±0.029 (Tanah Datar) and the expected heterozygosity value ranged from 0.605±0.061 (Pariaman) to 0.760±0.020 (LIPI Farm). The expected heterozygosity was higher than the observed heterozygosity in Limapuluh Kota, Agam, KAR Farm, Artificial Insemination Center, and LIPI Farm subpopulations (Table 2) . This condition can be explained by several factors, including null alleles, assortative mating, the Wahlund effect, selection against heterozygotes, inbreeding, or a combination of all these factors (Cervini et al., 2006) . In addition, the low value of heterozygosity indicates that certain breeds are relatively well-conserved (Czerneková et al., 2006) .
In this study, the locus TGLA53 allele 168 is a private allele for the Simmental Purebred. This allele is a specific allele candidate for the Simmental Purebred cattle population and needs to be validated by further studies. Information about the private allele for the Simmental cattle was limited. Putnova et al. (2011) reported that some alleles Compared to the FAO (2011) recommendation and the results from other studies that also used microsatellites which were mostly identical with our study, some differences can be observed. The differences may be in the minimum and maximum size of allele, the number of observed alleles and also the PIC value. The comparison is presented in Table 3 . Differences in the size range of allele and the number of observed alleles in this study were reasonable, due to the characteristics of the microsatellites that are naturally highly polymorphic. The results from Janík et al. (2001) and Czerneková et al. (2006) also confirm that a number of microsatellite markers in the Simmental cattle appeared to be highly polymorphic. Typical occurrence and observation of the private alleles reveal differences that may be an indication for the unique characteristic of the sample used in this study.
The PIC values in this study and some other studies have a high value (PIC>0.5), while the number of observed alleles in this study for the entire microsatellite locus is higher than what is reported by other studies (Table 3 ). The 12 microsatellite loci with a high PIC value have been reported in other breeds of cattle (Dadi et al., 2008; Kesvulu et al., 2009; Movahedin et al., 2010; Suh et al., 2014) . Studies of the Simmental Cross cattle have also been carried out by Czerneková et al. (2006) and revealed a high PIC value and observed heterozygosity values. This enabled the 11 microsatellite loci polymorphism to separate the local breed cattle in the Czech Republic based on genetic distance.
Genetic distance and relationship
Result of genetic distance analysis shows that the Simmental Cross-Pariaman and the Simmental Cross-Solok subpopulation have the lowest genetic distance value thus it can be interpreted that these subpopulations have a very close genetic relationship. In contrast, the Ongole Grade (PO)-West Java and the Simmental Cross-Pariaman subpopulation have the highest genetic distance value (Table 4 ). All identified alleles in this study were able to classify the cattle population into groups. There are subpopulations that are closely related and form their own group.
According to the genetic relationship, the Simmental Cross cattle from West Sumatra are divided into two groups. One group is very close to the Simmental Purebred and the other clearly distinct from the Simmental Purebred. Several Simmental Cross subpopulations, including the Pariaman subpopulation (very low population of Simmental cattle) clustering together in one group and separated from the Simmental Purebred population (Figure 2) . Meanwhile, the Simmental Cross-West Java subpopulation is distant to the Simmental Cross-West Sumatra and the Simmental 
Figure 2.
Dendrogram of Simmental Cross-West Sumatra subpopulation using Unweighted Pair-Group Method with Arithmetic mean method based on Nei et al. (1978) .
Purebred population as well as to the Ongole Grade (PO)-West Java population. An overview of the genetic relationship on the dendrogram (Figure 2 ) also reveal that the Simmental Purebred and the Simmental Cross (Agam and Limapuluh Kota subpopulation) are indeed highly related groups. Thus, the Simmental Cross in West Sumatra, especially Agam and Limapuluh Kota subpopulation is the subpopulation that has the closest relationship to the Simmental Purebred cattle. Information about the genetic distance in this study confirms Agung et al. (2014) who reported that the Simmental Cross cattle in Agam and Limapuluh Kota district have a close Mahalanobis distance to the Simmental Purebred cattle based on morphological parameters.
Using STRUCTURE HARVESTER, K optimal was obtained at K = 2. At K = 2, the Simmental Cross-West Sumatra population showed an admixture pattern between the Simmental breed and the Ongole Grade (PO) breed. Furthermore, the Ongole Grade (PO) cattle breed was identified as a separate cluster. The STRUCTURE analysis generate similar interpretation with the dendrogram in Figure 2 . The results confirms the hybrid nature of the Simmental Cross-West Sumatra population. In addition, distinct genetic difference in the degree of admixture was observed between the Simmental Cross-West Java and the Ongole Grade (PO) populations. The results from the STRUCTURE analysis also revealed that the Simmental Purebred cattle in our study may not be considered as pure Simmental breed. This may be due to limitation in the number of Simmental purebred individuals studied. The structure analysis is presented in Figure 3 .
PCA was used to cluster individual microsatellite genotypes. PCA clusters individuals only on the basis of their genotypes and makes no assumptions regarding the Hardy-Weinberg equilibrium or linkage equilibrium (Rutledge et al., 2010) . PCA analysis also indicated a close relationship between the Simmental Cross population and the Simmental Purebred population. Based on the results of genetic distance that represented by the dendrogram in Figure 2 and the PCA analysis results in Figure 4 , there was scientific evidence that the Simmental Cross cattle in West Sumatra are the result of grading-up with the Simmental Purebred. In other countries, grading-up the local breed cattle has also been done, for example in the Czech Republic (e.g. Czech Red) which used Simmental cattle to produce the Simmental Cross cattle that genetically had a large distance from their local breed cattle (Czerneková et al., 2006) .
The DAPC analysis with assumed K = 4 also indicated the same result with STRUCTURE result (K = 4). However, DAPC assumed a close relationship between the Simmental Cross-West Java and the Simmental breed. This could also indicate that the Simmental Cross-West Java is the result of grading-up with the Simmental Purebred. Moreover, the Ongole Grade (PO) and the Simmental Cross-West Sumatra were identified as separate clusters (Figures 5 and 6) .
The value of the genetic distance can be influenced by many factors, including the number of the population used in the study and the objectives of the breeding (Radko et al., 2005) as well as the massive introgression of the breed cattle that was possible because of the geographical relationship (Zhou et al., 2005) . This geographical relationship might be one of the influential factors that caused a tight genetic relationship between the Simmental Cross (Agam and Limapuluh Kota subpopulations) in West 
IMPLICATIONS
Information about comparison between the groups of Simmental Cross cattle population in West Sumatra based and the Simmental Purebred cattle based on their genetic distance values provide some benefits for farmers and the local government to design future conservation and breeding programs as well as enrich the local cattle genetic resources.
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